We investigate the decay mechanism in the B − → φφK − decay below charm threshold and in the neighborhood of the η c invariant mass region. Our approach is based on the use of factorization and the knowledge of matrix elements of the weak currents. For the B meson weak transition we apply form factor formalism, while for the light mesons we use effective weak and strong Lagrangians. We find that the dominant contributions to the branching ratio come from a combination of the matrix elements of the tree and the penguin operators. Our result for the branching ratio and Dalitz plot are in good agreement with the Belle measurement.
I. INTRODUCTION
It is a very fruitful era in B meson physics. A lot of experimental data on B meson decays is coming from the B meson factories. Many of their results are still not explained. Recently, Belle has announced the observation of the BR(B ± → φφK ± ) = (2.6
+1.1 −0.9 ±0.3)× 10 −6 [1] for a φφ invariant mass below 2.85 GeV. This is the first of the three-body B decays with two vector mesons and one pseudoscalar meson in the final state that has been observed. The B meson decays into three pseudoscalar mesons have been studied [2, 3] within heavy quark symmetry accompanied by chiral symmetry. One might explain the observed rates using heavy quark symmetry for the strong verteices, while for the weak transition we relay on the existing knowledge of the form factors [2] . The threebody decay with two vector meson states and one pseudoscalar is much more difficult to approach.
The additional insight on the decay mechanism might come from the analyses of the B meson two-body decays. Particularly interesting are the decays B ± → φK ± , B ± → η ′ K ± and B → K * ± φ. They have been extensively studied using different existing techniques: the naive factorization [4, 5, 6] , the QCD factorization [7] and the SU(3) symmetry [8] . Each of these decay modes is rather difficult to explain theoretically. The decays B
± → φK ± and B ± → K * ± φ might have significant annihilation contribution [4, 6, 9] , but it is not simple to have a consistent treatment of it. There is an interesting proposal [6] in which the angular distributions of the final outgoing particles can be used to estimate the magnitude of annihilation contribution to the amplitude. However, we have to wait for the new experimental data to extract the size of the annihilation contribution. The B ± → η(η ′ )K ± decay rate has not been easy to explain. It accounts the well-known problem of η −η ′ mixing [10] as can be seen from the variety of approaches used for B ± → η(η ′ )K ± [4, 11, 12, 13] . In the B ± → η(η ′ )K ± decay mode it seems that annihilation contribution is not very significant [4, 12] .
One has to expect that the above described difficulties in these decay modes might appear in the three-body decay we discuss. Based on the current knowledge of two-body transitions, we build a simple model which clarifies the role of the non charm contributions in the BR(B ± → φφK ± ) decay. In our study of the B ± → φφK ± decay mechanism we follow the assumption in ref. [2] and use double and single pole form factors for the B meson semileptonic transitions [20] . Our approach is based on naive factorization, since QCD factorization has not been developed yet for three-body decays. The SU(3) symmetry approach is not applicable due to the limited number of the observed B decay modes. In our model we keep only dominant contributions and as with two-body charmless B decays, we do not include annihilation contributions. In order to compare with the Belle's result we include in our calculation the interference between the non-resonant B − → K − φφ and the resonant B − → K − η c → K − φφ decay amplitude. In Section II we present the basic elements of our model, while in Section III we present the results for the three-body decay amplitude and discus possible contributions to the decay rate.
II. THE MODEL
Theūb → sūssss transition can be realized by the use of the effective weak Hamiltonian [14] - [17] : 
The Wilson coefficients are taken from [16] :
For the CKM matrix elements (V ij ) we use Wolfenstein parametrization:V tb V * ts = −Aλ Table 1 : The B → K, K * form factors at q 2 = 0 and the pole parameters [20] .
where
Using experimental data [18] , the decay constants are
GeV and f π = 0.132 GeV. The lattice calculation [19] gives for the B meson decay constants f B = 0.173 GeV and f Bs = 1.22f B . We also take g B * = M B * f B [20] . The q 2 dependence of the form factors is studied in [20] , where a quark model is combined with a fit to lattice and experimental data. This approach results in a double pole
while for A 1,2 (q 2 ) and F 0 (q 2 ) [20] we have:
Values of M, f (0), σ 1 and σ 2 are listed in Table 1 .
In the evaluation of O 6 operator we have as usual [12] 
The strong interactions of light mesons are taken into account through the following effective Lagrangian [21, 22, 23] :
where Π and ρ µ are 3 × 3 matrices containing pseudoscalar and vector meson operators respectively and f is a pseudoscalar decay constant as in (6) . We take C V V Π = 0.33 [21, 22, 23] . In order to include SU(3) flavor symmetry breaking, instead of the coupling constant coming from the ρ → ππ decay (g ρππ = 5.9), we use the coupling constant coming from the φ → KK decay rate. Thus, we have g φKK = 6.4.
For the description of the strong interactions between heavy and light mesons, we use definitions given in [20] and heavy quark effective theory to get:
where g BsBsφ f Bs /2m φ = 1.5 ± 0.1 and g B * s BK f Bs /2m B * s = 0.65 ± 0.05 [20] . In order to account for the η − η ′ mixing we follow the approach in [10] . Using the quark basis (η q ≃ (uū + dd)/ √ 2 and η s ≃ ss), the mixing is given by
with the mixing angle φ = 39.3
• ± 1.0
• . The η, η ′ decay constants are defined by
where f
with f u,d = (1.07 ± 0.02)f π and f s = (1.34 ± 0.06)f π . The form factors for the B → η(η ′ ) transition can be written as:
The q 2 dependence of F Before we enter into study of the decay B − → φφK − amplitude we check how our simple model works in the case of the following two-body decays:
and B − → φK * − . Namely, B − → φφK − can occur trough one of these decay chains:
The branching ratios of the above mentioned two-body decays according to [18] are: . The amplitudes for two-body decays with η (η ′ ) in the final state are for 2 (1.5) smaller than the experimental results. This was expected, as naive factorization is not able to reproduce the branching ratios with η, η ′ in a final state correctly. Even more, a rigorous treatment which includes mixing with the η c resonance, the annihilation contribution and the two-gluon exchange as in [4] does not explain the observed rates. In our estimation of the branching ratios we have neglected the annihilation contribution systematically. Although, the proposed model is rather simple the agreement with the experimental data is quite reasonable. It supports our assumption that the annihilation contribution is not very large, and therefore we try to approach B − → φφK − .
III. B − → φφK − BELOW THE CHARM THRESHOLD
The dominant nonzero contributions in the B − (p) → K − (p 1 )φ(p 2 )φ(p 3 ) decay amplitude below the charm threshold are presented on Fig. 1 . We write the amplitude for this decay in the following form
where p η and p K are the momenta of η and K meson respectively. The formulas for η In order to determine the decay width we make the following integration over the Dalitz plot:
where y = m
and M is the amplitude. Note, that we include the factor 1/2 due to the two identical mesons in the final state. Upper and lower bounds for y are:
with energies E * 1 and E * 3 given by:
The integration over x is bounded by x min = 4m 2 φ and x max = (M − m K ) 2 . First we consider only the phase space region below the η c threshold by taking x < (2.85GeV)
2 . The Belle collaboration has measured decay rate in this region [1] :
while our simple model gives
The calculated decay rate is a result of parity violating and parity conserving contributions, which do not interfere. The parity violating contribution gives the rate 3.5 × 10 −6 , while from the parity conserving part we get 0.3×10 −6 . The input parameters itself might introduce about 10% uncertainty. The distribution dΓ/dx as a function of φφ center of mass energy is given on Fig 2. The dominant contribution comes from the η, η ′ intermediate states. For the two-body B → η(η ′ )K decay rates the annihilation contribution is not very large [4] and therefore we do not expect significant change in the B → φφK decay rate if its effects are taken into account.
Note that the non-resonant contribution measured by Belle contains not only the nonresonant amplitude itself, but also the interference terms with the resonant contribution [30] . In addition to the η c state there are a number of other cc bound states which might contribute. From these, the biggest contribution will probably arise from the χ c0 state as its mass is closest to the region we discuss (x < 2.85GeV) and the B − → χ c0 K − decay rate was already measured [36] . One might then expect that the B − → χ c0 K − → φφK − transition can give additional interference with the calculated rates. However, the rate for χ c0 → φφ is ten times smaller than the rate η c → φφ and we expect additional suppression. This leads us to the conclusion that the interference of the non-resonant and the resonant terms from the cc states other than η c is negligible below the charm threshold.
Next, we comment on the interference of the η c resonance with the non-resonant contribution in the region of the phase space with the invariant mass of the φφ state within the bounds (2.94GeV) 2 < x < (3.02GeV) 2 . The decay rate for B − → K − η c is not theoretically very well understood. Naive factorization leads to ten times smaller result than the rate 6.9 −0.12 ± 0.38) × 10 −4 by Belle collaboration [33] . QCD factorization seems to face similar problem in explaining this decay amplitude [34] . On the other hand the decay η c → φφ rate is also not very well understood. First, the statistics for the η c → φφ decay rate is rather poor (the error stated in [18] seems to be underestimated [35] ). Second, by assuming the SU(3) flavor symmetry one cannot reproduce both the η c → φφ and the η c → ρρ measured decay rates.
Facing these difficulties we use experimental data to estimate the size of this resonant contribution. In the phase space region (2.94GeV) 2 < x < (3.02GeV) 2 , Belle measures BR(B − → K − η c ) × BR(η c → φφ) = (2.2 +1.0 −0.7 ± 0.5) × 10 −6 . We model BR(B − → K − η, η ′ ) × BR(η, η ′ → φφ) by taking the η c propagator and by fitting the Belle's data. The results of the interference are given on Fig. 3 , where we present both cases: positive and negative interference terms, which is the result of the unknown phase in the η c → φφ decay amplitude.
The contribution of the η c resonance in the x < (2.85GeV) 2 region can affect the nonresonant branching ratio, reducing it to 3.0 × 10 −6 , in the case of destructive interference, or increasing it to 4.0 × 10 −6 in the opposite case. In conclusion, we have shown that our proposed model based on factorization and pole dominance could reproduce the Belle's experimental data rather well.
